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AMORPHOUS COPOLYMERS OF 
TETRAFLUORCCTHVLENE AND HEXAFLUOROPROPYLENE 

T^inventfon^^ 
copolymers of tetrafiuoroethylene and 

composition, i.e.. the lOenuw an mk amorphous. 
15 polymer, a (luoropolymer may be P^^^ ^ pcrfluorin ated 
p.astic or elastomer*. Amorphous polymers o TFE P 

^yl vinyl ethers are Known «-^~^ *s than O'C. More 
temperatures <T g ). usually less than 10 ^Cdes » ■ ^ 
rigid amorphous fluoropolymers. hav.ng T s at about 

20 higher, are desired. heX afluoro P ropylene (HFP) 

Certain copolymers of i l-fc an 

are Known. For example. Bro & Sandt - infrared 
TFE/HFP copolymers with HFP "M"*" «d by a s P ^ ^ 

ratio . herein called HFP index or £ There « 

25 multiplier of 4.5 to convert HFP1 to Hffe havi HFP 

the field have refined their composmona cahb auons o ^ 
30 generally use multipliers in the range of 3.0-3.2 to 

content in wt% 5 . 26 6.639 discloses partially 

Morgan in U.S. Patent >u ^ 

crystalline TFE/HFP copolymers ^HW^ ^ ^ § 
a semi-batch dispersion polymerization pro^ • * 

mer 

35 high concentration of surfactant can "^"^ 
resin and that surfactant concentration should be less than 
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preferably less than 0.2 wt%. based on the aqueous medium. Surfactant 
concentrations exemplified were in the preferred range. 

Khan in U.S. Patent 4.381.384 discloses a continuous 
polymerization process for TFE polymers including 
containing up to 20 mol% of a variety of comonomers^ For TFEMFP 
copolymers, a multiplier of 2.1 was used to convert HFP1 to HFP content 
in mol%. so that the limit of 20 mol% would correspond to an HFP1 of 
9 5 In the examples for TFE/HFP copolymers. HFP content of 5.4 mol /. 
(HFPI of 2.57) was the highest level actually achieved. The continuous 
process of Khan in U.S. Patent 4.381.384 suffers from some disavantages. 
includinc a very high surfactant concentration that must be used to 
approach stable reactor operation and to enable discharge of the reaction 
mass without coagulation of the polymer in or in passing through the let- 
down valve This high surfactant concentration can. in turn, make it 
,5 extremely difficult to isolate the polymer from the « ^ 

undesirable in the isolated product. Space-time yield for Khan s low-HFP 

copolymer was of the order of only 0.1 kg/L-hr. 
' " Khan discloses that TFE/HFP dipolymers having HFP 

content reflected by HFPI = 9.5 are partially crystalline, though HFP 
.0 incorporation did not approach this level. Morgan discloses that such 
polymers having HFPI = 9 are crystalline, and did not ach.eye higher 
levels of HFP incorporation. 

Eleuterio in U.S. Patent 3.062.793 describes amorphous 
copolymers. Such copolymers having HFPI values of abou, ill -and 22 are 
.5 exemplified. Eleuterio also discloses a panially crystalline TFE/HFP 
copolymer having HFPI = 10.5 and 15% crystallinity. This level of 
crvstallinitv is surprisingly high for the HFPI value, which corresponds to 
HFP content of about 25 moM as estimated from examples to follow, 
especially after mel, pressing of the sample. However. Eleuterfo-s method 
of synthesis, with all of the TFE and HFP monomers present at the start of 
the polymerization reaction, would be expected to produce very non- 
uniform copolymers because HFP is much less reactive than TFE. 

Although it is well-established commercial practice to make 
winter shipments of aqueous dispersions of TFE homopolymers and 
35 copolymers in insulated and/or heated trucks to prevent freeze damage, 
tvpicaliv irreversible coagulation, no commercial utilization of a freezing 
processor isolation of TFE polymer resin from its polymenzat.on 
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medium is known. A freeze drying process, involving sublimauon of the 
water from the frozen coagulate or dispersion, for fibrillatible non-melt 
fabricate TFE polymer usually supplied as an agglomerate o d.spers.on 
particles (often called fine powder) is disclosed by Ocone ,n U.S. Patent 
3 692 759 Furuya & Motoo in U.S. Patent 5,816,431 disclose a process 
for preparing a dispersion of raw materials for reaction layers of a gas 
permeable electrode comprising mixing carbon black, 
polytetrafluoroethylene. water and surfactant freezing this m.xture and 

then thawing out the mixture. wt „ M 

7IT1MARy nFTHF INVENTION 
The invention provides a uniform amorphous copolymer 
comprising copolymerized units of tetrafluoroethylene and 
hexafluoropropylene. having HFP content of up to 29 mo %. In one 
embodiment of the invention. HFP content is from 20 to 29 mo.%. In 
another embodiment, the copolymer also contains copolymenzed un.ts of 
a, least one comonomer selected from fluoroolefin contammg 4-8 carbon 
atoms and fiuorovinylether. said copolymer containing suff.c.ent 
hexafluoropropylene and additional comonomer combined to cause the 
copolymer to be amorphous, said copolymer having glass trans.uon 
20 temperature of at least about 20°C. 

The invention also provides aqueous d.spers.ons of said 
amorphous copolymers, and a process for isolating tetrafluoroethylene 
polvmer resin from aqueous polymerization medium. Th.s process 
comprises first freezing the dispersion, thawing the frozen d.sperston. and 
then removine the liquid from the polymer solids. In a prelerred 
embodiment of this process, the liquid of the thawed frozen dtspenton ,s 
removed immediately from the polymer solids, this proy.dmg bener 
results than if water removal is delayed. In another prelerred embodunen, 
of the isolation proces of this invention, thawing of the frozen d.sperston. 
removal of the liquid from the thawed frozen dispersion, and washmg of 
the polymer solids of the thawed frozen dispersion are carry.ed out 

SimUUane0USl The invention further provides a coated article comprising a 
substrate coated with a coating, wherein the coating comprises amorous 
35 copolymer of tetrafluoroethylene and hexafluoropropylene havmg HFP 
content of up to 29 mol%. 
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In another embodiment of the invention, the uniform 
amorphous copolymer described above is made by the process comprising 
batch polvmerizing the fluoroolefins (tetrafluoroethylene and 
hexafluoropropylene) in an aqueous medium containing surfactant to 
5 produce an aqueous dispersion of the copolymer from these fluoroolefins. 
the surfactant being present in a concentration which is at least 1.5 t«mes 
the critical micelle concentration of said surfactant. 

It has also been discovered that this polymerization process 
is advantageouslv applicable to the copolymerization of fluoromonomers 
10 to make partiallv crystalline mclt-fabricable fluoropolymer. and this is 
another embodiment of the present invention. In this embodiment, the 
surfactant concentration can be as little as 1 .2 times the critical micelle 
concentration. Tvpically. the fluoropolymer will contain repeat units 
derived from tetrafluoroethylene. and the amount of comonomer present 
15 durins the copolvmerization will be effective to impart melt-fabncabil.ty 
to the~ fluoropolvmer while retaining at least some of the crystalhnity 
characteristic of tetrafluoroethylene homopolymer. The freeze/thaw 
polvmer isolation method described above is. of course, applicable tor 
isolating the partially crystalline melt-fabricabie fluoropolymer resin from 
■>0 the aqueous dispersion obtained in this embodiment. 

pfTM T rn pES C RlEH Q B ™™r INVENTION 
The TFE/HFP copolymers of this invention have up to 
29 mol% of units derived from HFP and are amorphous. By this it is 
meant that the heat of fusion calculated from any endotherm detected in a 
25 differential scanning calorimetry (DSC) scan for as-polymenzed resin is 
no more than about 3 J/g, preferably no more than about I J/g. Such 
endotherms. if actually present, are diffuse, difficult to detect, and 
calculated heat of fusion at these levels is subject to large relative error 
Generally, no endotherm is seen in a second DSC heating even if a weak 
30 endotherm is detected for first heating. 

The amorphous TFE/HFP copolymers of this invention can 

contain units derived from one or more additional fluoromonomers 
selected from fluorolefins having 4 to 8 carbon atoms and 
fluorovinylethers. Fluoroolefins having 4-8 carbon atoms include 
35 compounds such as perfluorobutyl ethylene and perfiuoroolef.ns. 

Fluorovinvlethers include the group of perfluorot vinyl ethers) having the 
formula CF ; = C?0(KfO) K Kf. wherein k is 0-5. Kf is linear or 
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branched perfluoroalkylene of 2 to 6 carbon atoms, and Rf is 
perfluoroalkvl of 1 to 6 carbon atoms, examples of which are 
perfluoro(alkvl vinyl ether) (PAVE) corresponding to k = 0. Preferred 
PAVE include perfluorctfmethyl vinyl ether), perfluoro(ethyl vinyl ether) 
5 and perfluoro( P ropyl vinyl ether). Still additional examples of such 
fluoromonomer includes the functional fluorovinylethers. wherein the 
functionality is ester, alcohol, or acid. The ester-functional 
fluorovinvlethers can be carboxylic ester or alcoholic ester. Examples of 
such fluorovinylethers include CF^CFIOCF.CHCF^L-O- 
0 (CF,)„CH,OH as disclosed in U.S. Patent 4.982.009 and the alcoholic 
ester CF,=CF[OCF 2 CF(CF 3 )] m -0-(CF 2 ) n -(CH 2 ) p -0-COR as d.sclosed ,n 
US Patent 5.310.838. Additional fluorovinylethers include 
CF,=CF[OCF,CF(CF 3 )LO(CF 2 ) n COOH and its carboxylic ester 
CF~,=CF[OCF,CF(CF 3 )] m O(CF 2 ) n COOR disclosed in U.S. 
15 Patent 4.138.426. In these formulae, m = 0-3. n = 1-4. p = 1-2 and R is 
methvl or ethyl. Preferred such fluorovinylethers are 
CF,=CFOCF,CF(CF 3 )0(CF 2 ) 2 CH 2 OH and 
CF^CFOCf",CF(CF 3 )0(CF 2 ) 2 COOH. These fluorovinylethers are 
preferred either because of their availability or their ability to incorporate 
20 functionality into the resultant copolymer. Additional fluorovinylethers 
include alkvl fluorovinyl ethers such as disclosed in U.S. Patent 
3 159 609 'The additional comonomer does not prevent the mcorporat.on 
of the high amount of HFP into the comonomer. Typically from 0.1 to 10 
m0 l% of additional comonomer may be present, based °n^talmonomer 
^5 units in the resultant copolymer. The uses of amorphous TFE/HFP 
copolymer disclosed herein include the possibility of the copolymer 
containing one or more additional comonomers such as described above. 

In one embodiment, a TFE/HFP copolymer of th.s .nvenuon 
that is amorphous as defined above will typically have HFP content of 
30 from 20 to 29 mol%. usually from 22 to 29 moP/o. (Statements of 
copolymer composition in terms of comonomer content refer to units 
derived from said comonomer.) When such copolymer ,s dipo.ymer this 
is in surprising contrast to E.euterio's disclosure (U.S. Patent 3,062 793) 
of a dipolymer having HFPI = 10.5 and characterized by substantial 
35 crvsta.linity. This difference is attributed to the copolymers of the instan 
invention having better uniformity than those of E.euteno. ,n the sens of 
the distribution of TFE and HFP in the copolymer. From the nature of 
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Eleuxcrio's process, one would expect polymer formed early in the batch 
to be rich in TFE units (and more crystalline, or more likely to be 
crystalline), and the supply of TFE monomer in the reaction vessel to be 
depleted as the polymerization reaction progressed. Consequently, one 
5 would expect polymer formed late in the batch to be relatively rich in HFP 
units, and sequences of two, three, or more HFP units in significant 
concentration could occur. As shown by Comparative Example B. a 
TFE/HFP copolymer containing 57 wt% HFP units and made generally by 
Eleuterio's procedure did in fact contain high concentrations of HFP diads 
1 0 and triads, indicating a lack of uniformity. 

In another embodiment, a TFE/HFP copolymer ot this 
invention that is amorphous as defined above also contains copolymerized 
units of at least one comonomer selected from fiuoroolefins containing 4-8 
carbon atoms and fiuorovinylelhers. said copolymer containing sufficient 
1 5 units of HFP and said comonomer combined to cause the copolymer to be 
amorphous, with HFP and additional comonomer being in such 
proportions that said copolymer has glass transition temperature of at least 
about 20 e C preferably at least 25 e C. most preferably at least 35°C. Th.s 
copolymer can also have HFP content of 20-29 mol%. but the presence of 
20 additional comonomer enables HFP to be present at less than 20 mol% 
while still obtaining amorphous copolymer. 

The copolymers of this invention usually have melt viscosity 
(MV) in the range from 1 Pa s to 10 x 103 Pa . s . Although a high HFP. or 
HFP and other comomer. content is the primary requisite for an 
■>5 amorphous TFE/HFP copolymer, it appears that a low MV contributes to 
low heat effusion. Thus, resins having lower comonomer content benefit 
from having a low MV to eliminate traces of crystallinity. 

The amorphous TFE/HFP copolymer of this invention is 
characterized by uniform distribution of HFP units in the copolymer. This 
means that most of the HFP units present are isolated, i.e.. have TFE units 
as neighbors, and only a minor part of the HFP units are present as d.ads 
(sequences of two HFP units) or triads (sequences of three HFP units). 
The fraction of HFP units in the polymer present as HFP diads and triads 
combined, determined as described below, is generally less than about 
35 10%. preferably less than about 5%.Triads may not be detectable. 

indicating a hieh degree of uniformity for copolymers having high HFP 
content The amorphous TFE/HFP copolymer of this invention can be in 
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the form of a dispersion of small resin particles in an aqueous medium. 
The dispersion panicles can be unusually small, with average particle size 
typically in the range 0.01-0.15 Mm. usually 0.02-0.1 um. Because of the 
small particle size and the amorphous nature of the copolymer, dispersions 
can be transparent and very clear. 

The polymers of this invention may be made at least by the 
method known as aqueous dispersion (emulsion) polymerization, and 
aqueous dispersion polymerization in the presence of a solvent, but wuh 
special parameter as will be explained hereinafter. 

The minimum HFP partial pressure that can be used to make 
the amorphous TFE/HFP copolymer of this invention by the present 
semi-batch process is about 500 psig (3.5 MPa) out of 600 psig (4.2 MPa) 
total monomer pressure. HFP partial pressure is preferably about 525 psig 
(3 7 MPa). most preferably about 550 psig (3.9 MPa) out of 600 ps.g total 
, 5 monomer pressure. Higher, or slightly lower, total monomer pressure 
be used, in which case HFP partial pressure should be adjusted 
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may 



proportionately. ...... 

The surfactant should be chosen to obtain high dispersion 

particle surface area (small particle size) in order to enhance reaction rate. 
20 which is suppressed by the high concentration 'of HFP relative to TFE. at 
desired high levels of HFP incorporation in the copolymer. In the process 
of this invention, surfactant concentration of at least 1.5* the critical 
micelle concentration is used to achieve this objective. Preferably, 
surfactant concentration is 2.0*. more preferably 2.5* the critical micelle 
25 concentration. Such concentrations of surfactant have generally 'been 

avoided in prior art processes. For purposes of this invent.on. the critical 
micelle concentration is defined as the critical micelle concentration as 
determined at room temperature. The properties of the surfactant-water 
system under polymerization conditions are uncertain, but advantageous 

30 results suggest that micelles may exist. 

For discussion of critical micelle concentration, for example, 
see Kirk-Othmer. Encyclopedia of Chemical Technology, 3rd Ed Vol. 
Y> pages 344-346 (1983). As discussed therein, the cnt.cal m.celle 
concentration is the concentration at which surfactant molecules form 

35 aggregates called micelles. This property is characteristic of each 

solvent-solute system, and may be determined by measurement of various 
properties of a solution as a function of surfactant concentration. For this 
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work, the critical micelle concentration was taken as the point on a plot of 
surface tension vs. concentration in water a, which .he rate oi change of 
surface tension with increasing concentration became very low. Surface 
tension was determined using a Prolabo tensiometer. a W.hny pl«c 
5 machine. In this technique, a platinum blade is immersed m the l.qu.d. the 
liquid is withdrawn, and the force on the blade is measured with a torsion 

wire • * i 

The required surfactant concentration relative to us critical 

mi celle concentration restricts choice of surfactants. For example the 
,0 commonly used ammonium perfluorooctanoate (C-8) has a critical micelle 
concentration of about 0.075 mo./L. and multiples of thts ; value : would be 
unreasonablv high. For practical reasons, the surfactant desirab y ha 
critical micelle concentration of less than about 0.03 mo./L. preferably no 
more than about 0.01 mol/L. Suitable surfactants include ammonium 
, 5 perfluorononanoate. which has a critical micelle concentration o about 
0 003 mol/L. and the perfluoroa.kyl ethane sulfonic acids and sahs thereof 
disclosedinU.S.Pa«ent4.380.6l8. Of these, the mixture of C 6 -C 16 
perlluoroalkv, ethane sulfonic acids sold as Zonyl® TBS nuorochem.cal 
surfactant (Du Pont Company), which also has a critical micelle 
7 0 concentration of about 0.003 mol/L. is preierred. 

Temperatures in the range of about 95M 15«C. preterabh 
98 °-108'C are suitable for making the amorphous TFE/HFP copolymers 
of this invention by the semibatch process used. Surfactants used ,n 
emulsion polvmerization appear to be less effective at temperatures above 
, 5 103°-108°C and there is a tendency to lose dispersion stab.l.ty. 

Initiators commonly employed in emulsion polymerization 
ofTTEcopolvmers are water-soluble free-radical initiators such as 

lLiur P ersulfate (APS), potassium persulfate (KPS). or disuccmc 

acid peroxide. APS and/or KPS is preferred. 
. n After the reactor is charged with water, surfactant and 

monomers, heated »o the chosen temperature, and agitation is started, a 

"of initiator is added at a prescribed rate to initiate po^— 

U is preferred that pressure is allowed to drop as 

that no more TFE is added for a prescribed time 
35 durin* which the initiator solution is continuously added. Then. TFE 

addition is starred and controlled according to the scheme chosen 

reflate the polvmerization. An alternative procedure ior th.s dwell 
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f,rst part of the batch. flltcmative s for regulating the rate of 

™" e " 7'' 1 trro with mos, aLenrauves firs. . 
TFE/HFP ccpolymenraoon. h » comre ^ ^ 

pressure. Addilronal TFE is then »o jiie TFE may be added 

Lotion kickofTro m.to.n the „ e£cssw „ inC reas« o, 

at a eonsun. re... » «— WUl 

euexeaae ac.ua> - *~ ^ 

„ pressure. necessary to maintain .he cons.au, 

be held consunr. «b TFE aaoea ^Mion in sieges 

pressure. A *M ahernanve ^^cre^ TEE feed reres. 

„„„„ma so una, .he *^~J-£££. under steadv-srate 
iK „rpor».ion of HFP. The P*™ ^° ^ ,„rou S hou, ,he 

conditions also requires a eons, an rauo * Ura. is 

20 polymerizauon in orde, •» , ^srribured monomer 
consistent throughour the bach, one v. h „ sjnce Ine 

additional comonomer mto the ^ copolvrner . 

comonomer and the amount to be mcoj ^ 

30 The batch (includmg ^ critical mice ll e 

,e.. using a surfactant concentration M ,s rf ^ can 

concentration, to make the ^hou^V. non . elastom eric. Such 

also be used to make other meU-fabncable. As 

other fluoropolymers are parua f'^* ^ rcsin of m ore than 3 J/g. 

35 such, they have heat of ^on for J ^ ^ p0 m0fC 
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50 x 10 3 Pa s. preferably 0.5-10 x 10 3 Pa s. Such fluoropolymers are 
copolymers of at least two fluoromonomers. including those disclosed 
above. Of particular interest are copolymers of TFE with at least one 
other fluoromonomer selected from fluoroolefins containing 3-8 carbon 
5 atoms, fluorovinylethers. and functional fluorovinylethers. HFP is a 
preferred fluoroolefin. Preferred fluorovinylethers include PAVE. 
Perfluoro(methyl vinyl ether), perfluoro(ethyl vinyl ether), and 
perfluoro(propyl vinyl ether) are preferred PAVE. For TFE copolymers, 
the amount of other fluoromonomer is usually sufficient to reduce the 

1 0 melting temperature of the compolymer significantly below the melting 
temperature of TFE homopolymer. but not enough to reduce the heat of 
fusion below 3 J/g. For making such fluoropolymers. the surfactant 
concentration can be at least I.2x. preferably at least 1.5x. the critical 
micelle concentration. Utilizing a surfactant concentration above the 

15 critical micelle concentration in the process of this invention leads to 
improved results, for example, enhanced incorporation of less reactive 
comonomer or enhanced reaction rate at constant copolymer composition, 
or both. 

While concentrations of surfactant exceeding the critical 

20 micelle concentration produce desirable and unexpected results in 

polymerization, they raise concerns about isolation of the polymer from 
potentially very stable raw dispersion, i.e.. the product of polymerization 
in the polymerization liquor, and about high residual concentrations of 
surfactant on the isolated polymer. One aspect of this invention also 

25 addresses these problems. 

Traditional techniques known in the art (see U.S. Patent 
5.266.639. for example) for isolating polymer from the dispersion 
polymerization medium sometimes achieve incomplete recovery of 
polymer solids from the medium of this invention. This is probably due to 

30 a combination of stabilizing effect of the surfactant in its high 

concentration and the small particle size characteristic of the product 
produced by the process. However, it has been discovered that essentially 
complete recovery of polymer solids from raw dispersion can be achieved 
by an isolation procedure comprising freezing of the dispersion, 

35 subsequent thawing of the frozen dispersion, and then separation of the 
polymer solids from the thawed frozen dispersion. It has also been 
discovered that the time between thawing and the removal of the liquid 

10 
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,. « „ fthe .hawed frozen dispersion affects the 
from the polymer sohds of th tha^efl ffc ^ 
partitioning of the surfactant away by the liquid 

recovered solids, with the amount of surfact « <^ 

That is, immediate removal of the thawed ^ ^ 

polymer solids. The Ireeze » .amicable to isolator of 

London. This aspec, of .he — ^'"Lorimion medium 
^copolymer solids from *«^^^ 0I)ie Ks emi.lly 
from processes producing p*« £ „ icularlv 

amorphous W^J*^ M homopolymers and 

valuable for non-fibnllat.ble Irtp . ss> The 

cpo.ymen. produced ^^jZ^* ^ 
ftccze-rhaw isolauon method of to m ^ ^ Aj 

variM s procedures for „ , haw . removt 

„«, be shown by an example sin , ullM1 cous drawing of.be 

pr _of,his— 

Copolymer reain dispersion ton examples ,o 

5 advanrages ova, prior » process , ^ ^ ^ flow „ f „ sin 
follow, apparen. densrry of dne< hso a , yn , cri aa,ioo can 

be more effectively sepa. clirfactan t from resin. 

oul the process enhance ~ 

30 ca ^ n8 t^flu nee the choice of operating details. 

pra ctica, conslderauons wtU ^ ^ ^ 

Perhaps most significant are cons ^ ^ ^ ^ as ,„ 

While the freezing step of the process ^ ^ require . 

frcezing of a drum filled ^ ^ ^ » 

35 a long time. To minimize the tm* . eq ^ ^ ^ fee 
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small, e.e.. no more than about 3 mm. Thus, tor example, the body can be 
a relatively thin fiat film or sheet, or can have a relatively thin-walled 
cylindrical shape. Bodies of frozen dispersion having at least one small 
dimension also have the advantage of permitting rapid thawing, for the 

5 same heat transfer reasons. Many process designs can provide the 

advantageous condition of a body of dispersion having at least one small 
dimension. For example, a thin layer of aqueous dispersion can be placed 
in a flat tray for freezing, or chilled paddles can be dipped into aqueous 
dispersion until a layer of frozen dispersion forms on the paddle surfaces. 

10 or a chilled roll can be partially immersed in a reservoir of aqueous 

dispersion with the roll axis parallel to the surface of the dispersion and 
rotated at such speed to pick up a layer of frozen dispersion to be removed 
during the part of a revolution of the roll when the frozen dispersion is out 

of the reservoir, and the like. 

1 5 The amorphous TFE/HFP copolymers of this invention can 

be used in manv ways. Being amorphous, the resins and fabricated 
articles thereof are transparent and substantially free from haze, and can 
be particularly useful in applications for which optical clarity is important. 
In powder or pellet form, the copolymer resins can be used in any of the 

20 processes such as extrusion, molding, or pressing by which thermoplastics 
are conventionally fabricated into finished articles, providing the 
properties of the copolymer are suitable for the intended use. Such 
articles include film, tubing, hose, wire insulation, foamed structures 
includinc wire insulation, coatings on wire for mechanical uses, injecuon- 

25 molded items, blow-molded articles, bottles, containers, protective limngs. 
laminates and other composite structures, and the like. The unique 
thermal characteristics make the amorphous TFE/HFP copolymers of th,s 
invention suitable for uses not accessible to prior-art perfiuoroplastics 
because properties were inappropriate or because required processing 

30 temperatures were too high. For example, a TFE/HFP copolymer of this 
invention can be used as a melt adhesive at low temperature. High 
processing temperatures of prior-art perfiuoroplastics disqualified them 
for use in conjunction with many other materials which could not tolerate 
exposure to those temperatures. 

35 The amorphous TFE/HFP copolymers of this invention can 

be used in dispersion form. The as-polymerized (raw) dispersion may be 
used as discharsed from the reactor if it has adequate stability and/or 



12 



PCT/US96/01483 

WO 96/24625 
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bMd in.o .he TTEWP copo ymer dj ^ or 

5 fonr-or such blends c. be ( ^ PS , .ypiea.lv obuined 

flll ed resins. Small ra» du^mnon pamcks J, ^ ^ 

' 0 beinsolnfion^n^ ^-^es-able 
composidon. U,ey are - ^Xlorinared compounds are preferred 
solutions ar ambienr ,em ^ ran,n: . hayine up ,„ „bour 12.5 suomic 
* soWerus. bur fluor,no.ed common ds havmg ^ ^ ^ ^ 
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Compounds mos, useful*. un(llsa() rings. Highly 

„oma<ics. bod. of svh.ch may con.™ fu*d ^ may be 

floorinared cydoafianes are pr £ jU*^ Compounds 
s uto.i.o.ed by perfluoro.fi.yl or ne^u . dK0 ,^ 
20 useful as aolvenrs include. b-«« ' ^ vM L»«n,. 

P«fl«^'*^*ht perfluorol-riamylamine, may aiso be 

25 :^=r:^,mand 

mvenrion con be used ;»•*• »j£ caslin , an d 
30 using fluoropolymcr dBpers-oos^ .» ^ s 

^guaflon. ^a * - P*» „ ^ md , h e panicles are 

<kposi.edinplocein.hewe.s.a.e..ne p 
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ways. These results include any of the results for which polymer 
dispersions and solutions are used, such as coating, encapsulation, and 
impregnation. The TFE/HFP copolymer dispersions and solutions of the 
invention can be employed in any of the methods by which such systems 
5 are known to be used, including dipping, painting, and spraying. 

Normally, the dispersion or solution is deposited in place in the wet state, 
the deposit is dried, and the dried resin is fused or consolidated thermally. 

The TFE/HFP copolymer dispersions and solutions of this 
invention can be used to make coatings on a broad range of substrate 

10 materials, including metal, semiconductor, glass, ceramics, refractory 
materials, dielectric materials, carbon or graphite, and natural and 
synthetic polymers. The substrates can be in a broad range of physical 
forms, including film or paper, foil, sheet slab, coupon, wafer, wire, fiber, 
filament, cylinder, sphere, and other geometrical shapes, as well as in a 

15 virtually unlimited number of irregular shapes. Coatings can be applied 
by methods known in the art. including dipping, spraying, and painting. 
For plane substrates of suitable dimensions, spin coating can be employed. 
Porous substrates, including those made from fluoropolymer such as 
polytetrafluoroethylene. can also be coated or impregnated. These 

20 include, for example, screens, foams, microporous membranes, and woven 
and non-woven fabrics. In making such coatings, the water or solvent can 
be driven off by heat leaving a dry TFE/HFP copolymer coating. 

Coatings of the amorphous TFE/HFP copolymers of this 
invention can be a sole coating on a substrate, or a component of a 

25 multilayer coating. For example, a TFE/HFP copolymer coating of this 
invention can be used as a first or primer, intermediate, or final coating in 
a multilayer fluoropolymer coating system. The coatings of this invention 
include coatings resulting from several successive applications of 
dispersion or solution to increase coating thickness to desired levels. 

30 Coatings of this invention can consist of the amorphous 

TFE/HFP copolymers of this invention alone, or of the TFE/HFP 
copolymers admixed with minor amounts of other materials either soluble 
in water or the solvent or dispersed in the coating dispersion or solution. 
A minor amount can be up to about 10 wt% based on the combined weight 

35 of TFE/HFP copolymer and additive. 

Specific coaled articles are within the scope of this 

invention. 
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• Coated articles include polymer extrusion dies and molds tor 
rubber and plastic pans, such as o-rings. bottle caps, golf balls, golf ball 
"oven, golf bal. cover half shells, and the like. The TFE/HFP copolymers 
of this invention, both as-polymerized and after fluorine — _ can be 
used in coatings. In the case of dies used for extrus.on of polyolefins, « « 
p e e"ed thatfoatings be made from as-polymerized resin because such 

al BS are more durable. Both interior and exterior surfaces of extrus.on 
dies may be coated to. respectively, facilitate extrus.on and al.ev.ate d.e 

, bU,ldUP ' Coated articles include gasoline engine carburetor parts, 
internal parts of interna, combustion engines such as valves anc 1 piston 
skirts- razor blades: metal containers such as cans. pans, trays, vessels and 
££: metal sheets and foils: continuous metal belts meu ro^s. tubes, 
bars, profiles, and the like: bolts, nuts, screws, and other fasteners. 
: Coated articles include an article bearing a mach.ne- 

rC adable marking on a, least one surface, especially but not limited to a tag 
that can be attached to another object to provide informauon about 
inventorv identification, contents, ownership, hazards, operat.ng 
conditions, or maintenance requirements, for example 
0 Coated articles include wire for electrical and mechan.ca. 

service. In either case, the metal wire may be solid or stranded. W.res tor 
nTchanical service include catheter guide wire and the actuatmg w.re ot 
push-pull cable ^ 

15 **** an ct;ranic,es include paper and textile materia,, including 
woven fabric inc,ud, g glass fabric. n_ 
fibers including filaments, yams. e.g. staple and cont.nu 

, 0 StrandS " Coated articles include foams, membranes, and the like. 

Coated articles include optical fibers in which the substrate 

i5 a glaS s or P^ icics indudc op(jcal dcmcnls . whcrein thc coating 
functions as an anti-reflective coating to reduce or eliminate reflects. 
35 M I dements include viewing screens, windows, te.ev.s.on screens or 
faces, computer monitor faces, and the like. 
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Coated articles include semiconductors, semiconductor 
devices, magnetic storage media including disks, photoconductors. 
electronic devices, electronic assemblies, and the like, wherein the coating 
may be very thin. 

5 a coating ol a composition comprising the amorphous 

TFE/HFP copolymer of this invention can be used as a melt adhesive to 
bond two articles together. The coating may be applied to a substrate 
from dispersion or solution, or from thin film of the TFE/HFP copolymer 
to make a laminate, which is essentially a coaled article. Two articles, at 
10 least one of which is a coated article comprising a substrate coated with 
the composition are brought together into conforming contact such that 
one of the contacting surfaces is the coated substance. These two articles 
may in fact be a single article with two surfaces that are brought together, 
and more than two articles may be involved in the bonding, i.e.. the 
1 5 bonding method of this invention is not limited to the bonding of two 

articles. After the two articles are brought together and are in conforming 
contact with one another, at least the region of this contact is heated above 
the glass transitiontemperature of the copolymer, preferably to a 
temperature of at least I00°C if the substrate can tolerate such 
20 temperature. This heating can be begun prior to the articles being brought 
together. Pre-heating of the coated article or articles can be advantageous 
if the coating is applied from a hot solution of a high concentration of 
copolvmer in highly fluorinated solvent to avoid gel formation. With the 
articles in conforming contact, pressure is supplied to assure intimacy of 
25 cornact for a time sufficient to effect the bond. This pressure can be an 
external force or can arise from the weight of the articles. The bonded 
articles ordinarily will be subsequently cooled to ambient temperature. 

The amorphous TFE/HFP copolymers of this invention can 
be used as processing aids for polymeric resins that are not 
30 nuoropolymers. for example, as is well known in the art, as coatings on 
melt contact surfaces or incorporated in low concentrations into said 
resins. Typical concentration when used as an incorporated processing aid 
is in the range 25-5000 ppm. When the TFE/HFP copolymer of this 
invention is used as a processing aid in a polyolefin for film applications, 
35 the polyolefin generally will have a melt index (ASTM D-1238) of 5.0 or 
less at 190°C. preferably 2.0 or less. For high-shear melt processing such 
as fiber extrusion or injection molding, even high-melt-index resins, tor 
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. -melt index of 20 or more, may suffer processing 
example, those having a m* thermoplaSlic 
difficulties. Such polyole fins may com P , merizalion or 
Mroc-rbon ^^^ZL of the formuia CH 2 -CH* 
copdyrnenzauon of of not more ^n eight carbon 

5 wherc T 

atoms. In particular this in , oW .dens.ty type 
po.yethy>ene 

having densities within the range » . , ow densit y 

Huoropolymer composes were 
„n<W5-0 0Sl mm thick films pressed al 300 C. ror 
speerroscopy or. 0.02 0.05. ^ was 

15 TFE/HFP copolymers. Fourier tr 4.380.618. lnapplymg 

€mploy ed in the "-dstund at about 

this method, the peak ^ 0 ^ banCe ; « at thcse exact 

at ab0 ut 4.25 ^^::XU nances. HFP content is 
wavelengths unless ^ peak absorban ces. 

20 expressed as an index HFP1. « was determ ined by 

The PAVE content of TFt copoi>mer> 

n O 095-0 105 mm thick films pressed at 350 C. 
FT1R specuoscopy o O095 a 105 ^ ^ ^ ^ ^ 

PEVE was determined from an nttar absorbance to 4.25 um 

emulated in wt% as 1.3x the ^ 9 j ^ band aX 10 .1 and 

25 abs orbance. PPVE was determ.ne - absorbance to 
was calculated in wt% as 0.97* the ratio 

30 4.380.618. except that orifices having ^ ^ ^ $amples 

(1 6 mm) diameter and weights of 833 g - 

derermii-ed by DSC by me ™ Mkell M lhe pMk icmperamre 

35 convemlon,.. -^J^^^ designed » yield a value for 
of the melting endotherm. hormeaa 
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glass transition temperature (T g ). samples were cooled to 0°C before 
heating was started. 

Average size of polymer particles as polymerized, i.e.. raw 
dispersion particle size (RDPS). was measured by photon correlation 
5 spectroscopy. 

HFP distribution in TFE/HFP copolymer was measured by 
I9F NMR using a Broker AC 250 NMR unit operating at 235 MHz. 
Polymer samples as 3-5% (wt/vol) solutions in hexafluorobenzene were 
loaded in 5-mm NMR tubes and heated to 80°C in a narrow bore probe. 

10 Signals due to the tertiary fluorine of HFP units appear at -183.5 ppm for 
isolated HFP units, at -179.5 ppm for HFP units present as head-to-tail 
diads. and at -177 ppm for HFP units present as head-to-tail triads. It is 
uncertain whether or not the integration for the HFP triads at -1 77 ppm 
also includes oligomeric blocks larger than triads. The fractions of HFP 

1 5 units present as triads and diads were determined as the ratios. 

respectively, of the areas of the > 9 F NMR signals at -177 and -179.5 ppm 
to the total of the areas of the signals at -177. -179.5 and -183.5 ppm. 
The detection limit for triads is less than 1% of HFP units in the 
copolymer. 

20 In the following, unless otherwise stated, stated solution 

concentrations are based on combined weight of solvent water and of 
solute(s). Stated concentrations of polymer solids in dispersions are based 
on combined weights of solids and aqueous medium, and were determined 
gravimetrically. i.e.. by weighing dispersion, drying, and weighing dried 

25 solids, or by an established correlation of dispersion specific gravity with 
the gravimetric method. 

Fxampk 1 

A cylindrical, horizontally disposed, water-jacketed, paddle- 
stirred, stainless steel reactor having a length to diameter ratio of about 1 .5 

30 and a water capacity of 79 parts by weight was charged with 52.5 pans of 
demineraiized water. The reactor was heated to 65°C. evacuated, purged 
withTFE and then evacuated again. The vacuum in the reactor was then 
used to draw in a solution of 0.2 14 pan of ZONYL® TBS surfactant in 
water (1.7 pans). The solution was rinsed into the reactor with another 

35 0.88 part of water. The reactor was then sealed, agitation was begun at 
40 rpm. and the reactor temperature was raised to I03°C. Atter the 
temperature had become steady at )03°C. HFP was added slowly to the 



18 



WO 96/34625 



PCT/US96/01483 



10 



15 



20 



25 



reactor until the pressure was 425 psig (3.0 MP.). Then TFE -s added 
ZZZor to achieve a final pressure of 625 psig (4.4 MPa) . Then 0. 
pan of a freshly prepared aqueous initiator soluuon contain £6 wn/, of 
Lnonium persulfate (APS) and 0.7 wt% of potassmm persulfate (hPS) 
romped into the reactor at 0.055 pan/minute. The = eed was 
reduced to 38 rpm and held constant for the remainder of the batch. 
Thereafter, the same initiator solution was pumped ,nto the reactor at 
0 026 part/minute for the remainder of the polymenzauom Afl ; er 
poVvmerization had begun as indicated by a 10 psig (0.07 MPa) drop m 
reactor pressure, additional TFE was added to the reactor to mamunn 
Assure constant at 625 psig until a total of 182 parts of TFE had been 
dde afterhiclcoff (87 minutes). The TFE feed was then 

stopped and the reactor was cooled with the initiator teed contmumg and 
the aeitator still running. When the temperature of the reacor contents 
reached 90«C. initiator pumping and agitation were stopped and the 
reactor was vented. After venting to nearly atmospheric pressure^ 
reactor was purged with nitrogen to remove residual monomer. The 
dispersion, which was bluish and translucent, was then d,scharged from 
^reactor and saved. Solids content was 3 1.5 wt'/o andRDPS was 0.029 
* m . Then. 2.0 parts ofthe dispersion were b.endedw.th 
demoralized water and 0.01 part of concentrated nunc acd and 
aemmcr . . n,, «... nolvmer which resu ted from the 

coagulated bv vigorous stirring. The wet polymer wn.cn 
coaguiaicu v . e ri . mr , v , a portion of the water and then 

coagulation was compressed to remove a portion oi u 
dried in a circulating air oven a. 1 50-C. The TFE/HFP copolymer re m 
had an MV 0.3.7 ,10. Paa. an HFPl of 4.45. and*, apparent de^o, 
400 g/L. The resin was panially-crysta.line as md.care by . T «WC 
and a heat of fusion of21.4 11%. Copolymer rcstn .solatcd from a separate 
"n on ofthe dispersion by neering and thawi„ s had apparent denstty of 
Ho g/L- was fr.c-u.wini. and was no.ic.biy less dtary than dtc sample 
isotafed by chemical and mechanical coagulation. Tn. P°'>™'™»°" 
Z. exprLcd as pans ofpolymer produced per rcacor vohtm. (pans) 

per hour, was 0.22. 

mm pant*™ F.MimiltA 
A polymerization was carried ou, similarily to Example 1 
; except that the initia. water charge was 50.2 pans, the surfactant w* ; O06 
pan of — m perfluorocaprylate (C-8) and was precharge w, he 
water, the HFP addition was made to a pressure of 450 ps.g (3.2 MPa) 
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the abator speed was turned on at 42 rpm after prechargmg water and 
surfactant and then reduced to 40 rpm after the first in.tiator addition. The 
product dispersion was milky and opaque, and RDPS was 0.216 urn. 
isolation of the resin from the dispersion was carried out identically ■* the 

5 Example 1 dispersion except that only 0.07 part of nitric acid was added 
The product resin had an MV of 7.4 x 10> Pa s. an HFP1 of 4.13 a T of 
254°C with heat of fusion of 24.8 J/g, and an apparent density of 360 g/L. 
Copolymer resin isolated from a separate portion of the dispersion by 
freezing and thawing had apparent density of 600 g/L, was free-flowing, 

10 and was noticably less dusty than the sample isolated by 

chemical/mechanical coagulation.. The polymerization rate was 0.10 
part/part-volume/hour, less than half that of Example 1. 

Fiamplc 2 

A reactor similar to that described in Example 1 but with a 
15 water capacity of 8.2 parts by weight was charged with 4.44 parts of 
demoralized water. The reactor was heated to 65'C. evacuated and 
purged with TFE. and then left with a partial vacuum. The vacuum ui > the 
Lctor was then used to draw in a solution of 0.044 pan of Surflon® S I I 1 
(ammonium perfluorononanoate. Asahi Glass) dissolved .n 0.26 part of 
demoralized water. The solution was rinsed into the reacto, -with 
another 0.088 part of demineralizcd water. The reactor was then sealed, 
agitation was begun at 82 rpm and the temperature was raised to 95 C. 
After the temperature had become steady at 95°C. the reactor was 
pressurized to 510 psig (3.6 MPa) with HFP. The temperature was then 
o 5 raised to I03»C. The pressure was then 558 psig (3.9 MPa) after the 
" temperature had become steady. The reactor pressure was then increased 
to 625 psig (4.4 MPa) by the addition of TFE. Then 0.066 pan of a 
freshly prepared aqueous solution containing 2.5 wt% APS was pumped 
into the reactor at 0.01 1 part/minute. Thereafter, the same initiator 
30 solution was pumped to the reactor at 0.002 P art/m,nute for the remainder 
of the polymerization. No additional TFE was added for 20 m,n after 
pressureup to 625 psig. During that time, the reactor pressure dropped to 
594 psig (4.2 MPa) indicating that polymerization had begun. The 
pressure was then brought back to 625 psig and maintained at that level 
35 for the remainder of the polymerization by the addition of TTC_ The 
agitator speed was held constant at 82 rpm. After 
been added after the initial pressureup (213 mm), the TFE feed was 
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stopped and full cooling was applied to the reactor. When the temperature 
of the reactor contents had dropped to 90°C. the agitator was turned off 
and the reactor was vented. When the pressure had dropped to 1-2 psig 
(0.1 1-0.12 MPa). evacuation and initiator addition were stopped and 

5 nitrogen was added to the reactor to give a slow pressure rise. When the 
pressure reached 5 psig (0. 1 4 MPa), the vacuum port was opened for one 
minute while maintaining the nitrogen purge. The dispersion, which was 
water-clear and quite stable, was then discharged from the reactor and 
saved. Solids content was 29.9 wt% and RDPS was 0.071 urn. 

1 o Approximately 800 g of the product dispersion was poured 

into a plastic bottle and then placed in a freezer at -20°C for three days. 
The bottle of dispersion was then thawed out in a bucket of warm water 
and the polymer phase which had separated was collected on a filter. The 
filtrate was found to contain 0.56% solids which consisted of polymer. 

1 5 residual surfactant, and initiator salts. The polymer was washed three 
times with demineralized water and then a portion of that polymer was 
washed three times with isopropanol (IP A). Both samples were then dried 
in a 55°C vacuum oven under reduced pressure with a nitrogen purge for 
two days. The melt viscosities of both samples were found to be 90 Pa s. 

20 and HFPI was 1 0. 1 for the IPA-washed sample. DSC analysis showed a 
glass transition at about 45°C and a broad, weak endotherm at about 88°C, 
with a heat of fusion of 1 .0 J/g. NMR analysis indicated HFP content was 
23.3 mol% and that 2.0% of HFP units in the copolymer were in diads. 
No triads were detected. 

2s F.nampU.3 

The polymerization procedure described for Example 2 was 
followed with the following differences: I) The initial water charge was 
4.63 parts. 2) The surfactant employed was 0.021 part of Zonyl® TBS in 
0.166 part of demineralized water. 3) Also added with the surfactant was 

30 0.0033 part of chloroform as a chain-transfer-agent. 4) The pressure in the 
reactor after HFP addition and raising of the temperature to 103°C was 
552 psig (3.9 MPa). 5) The pressure after TFE addition and that 
maintained during polymerization was 600 psig (4.2 MPa). 6) Agitation 
was at 90 rpm. 7) The first initiator addition was 0.066 part of a 2.5 wt% 

35 APS aqueous solution pumped at 0.01 1 pan/min. 8) Subsequent initiator 
ddition was the same solution pumped at 0.0022 part/min. And 9) the 
amount of TFE added after initial pressureup was 0.51 pan. The reaction 
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time after resumption of TFE feed was 345 tnin. The product dispersion 
contained 14.4 wt% solids and was water clear. RDPS was 0.096 urn. 
The freeze/thaw isolation procedure described for Example 2 was 
emploved with this dispersion. The TFE/HFP copolymer resin melt 
5 viscosity was less than 10 Pas and the HFPI was 1 1 .2. DSC analysis 
showed a glass transition near 45°C, but no indication of a melting 
endotherm. NMR analysis indicated that HFP content was 27.2 mol% and 
that 2.4% of HFP units in the copolymer were in diads. No triads were 
detected. 

]0 f fimparativf Ftamnlt B 

An 85 mL autoclave was loaded with 60 mL of 
perfluorodimethylcyclobutane and 0.25 g of cobalt trifluoride. The 
autoclave was sealed, chilled, and evacuated. HFP was used to sweep in 
4.25 e of TFE. Enough HFP (about 30 g) was added to bring the pressure 

15 of the autoclave to 93 MPa at 23 e C. The autoclave was healed to 199°C 
and 296 MPa. and additional HFP was added to increase pressure by 6.9 
MPa to match Eleuterio's condition of 303 MPa (U.S. Patent 3.062.793). 
The autoclave was held at about 200°C for 4 hr and then cooled and 
vented. The resulting polymer solution was filtered to get rid of pink 

20 residues (presumably containing insoluble cobalt compounds), stripped to 
heavy oil on a rotary evaporator, and then blown down to 0.94 g of solid 
using a stream of nitrogen. This solid had an inherent viscosity of 0.207 
in perftuoro(2-butyl tetrahydroftiran) (Fluorinert® FC-75. 3M Company), 
closelv matching Eleutertfs Example II. NMR analysis showed that the 

25 TFE/HFP copolymer contained 57 wt% HFP, and that of total HFP units 
46% were present as isolated units, 27% in diads. and 27% in triads. 

Example 4 

The reactor described in Example 1 was charged with 49 
parts of demineralized water and 0.022 part of ammonium 

30 perfluorocaprylate (C-8) dissolved in 0.088 part demineralized water. The 
reactor was pressure tested at 380 psig (2.7 MPa) and 90°C while 
agitating at 46 rpm. It was then cooled to reduce the temperature of its 
contents below 30°C. The reactor was then evaucated and purged three 
times with TFE monomer, leaving a reduced pressure on the reactor after- 

35 the final evacuation. A valve was then opened to slowly release ethane 
into the reactor until the pressure was raised by 20 inches of mercury 
(0.067 MPa). The valve was then closed and the reactor temperature was 
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.cached 90-C. ft. rcaco, »as pressunad «* TTC« P 

p Si g. A fr«h.v prepare aqueous solu..on ( I « p«0 » 

JUS «ft medranoi waa ^ T^SS* . '« P* «>» 7 

p^nunure. After f*-*—2 ^a d ded .o reacror . 

MP.) drop in reactor pressure. Ate tec psm ofTFE 

, rate so as » maintain the press". « 380 pa J. A P 

had been added ,o ft. ««« after "^^^ „ . mc ol02 

P-~*»« S S»" "'"rethanol (0.4S wt%> « pumped inro 
solution of APS (0.0¥ wt/oj anu feeen 

- — - 8 - f sCp - ^reaction continued 
added to the reactor, the » 4 MPa) . ^ reac tor was 

until the reactor pressure dropped to 190 p »g ( 
5 -nventedandtheproduc^d^ 

contained about 34 wt% PTFE res. P a " used for to 

of 2.6 x 10 3 Pa s as determined by tne proccuu 

copolymers. flhedlspCTsjonW as diluted with 

; v tn , ^o/,, S0 |ids. and I !0 wt% ammonium 
0 demineralized water to 23 J w, A sohds. ^ 

carbonate (based on weight of polymer) was 

potymerizauon. portions of rhe dispersion were frown- ^ w ** 

frozen dispersions t»ere linereo fi|lrale 

peered a, 89 h, after drawn* conunned pp. » 

collecred a .7 h, after rhawng conramed 3 ppmo ^ 

th awed frozen dispmion --" '^^ c om P -d wirft Ore resuit 
fUmrte contained 477 ppm of C8. These resu 

35 — =ai:;:^dawa yby .he.i,n,dinc,easesa S rhe,,n,e 
berwecn rhawing and liquid removal decreases. 
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Another portion of the dispersion was frozen, and the frozen 
• ^nicies which were mixed well. 

Pomons ofthc finely *»« ^ ^ ^ 

differ. fihcrs ... bed ^* ° ' „, e ^ ft0Kn dUpcion 

r^r«si * ™ - - — - ,taes wi,h r 

tnawing wa* wv» F vacuum oven, and 

♦ tA(\°-AVC\ dried for three days at 5H tma vdcuuu 

S^c» « «— - 782 pp : bas : d ; n lhc wc,s 

l0 7mEresi, The second portion was ^-^^^ 

removal of liquid from thawed frozen dispersion. 

Fumplc-S 

An aqueous dispersion of an amorphous TFE/HFP 
copolymer was produced by a method similar .o that descnbec m 
c exceot that half as much chloroform was used. HFP1 ot 

Example 3. except that h ^ endo iherm was 

isolated resin was 10.8. MV .as 18 r ^ ^ ^ % 

^^^C-i* «*■ a du Nouy Tcnsion T ^ raw 

measured by the r g rf ^ suriaccs 

„ would w ^ ^ ^ ^ _ 

I i n p of Zonvl® FSN fluorosurfactant (DuPont 

25 24.2 dyne/cm by adding 10 g of Zony. ^ rf f 

30 raw dispersion, as shown in the following table: 



Raw dispersion (g) 

Water (g) 
Zonyl®FSN(g) 
Solids content (wt%) 
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TM, exampie MM. ■» •-»*• *" 

copolymerofthisinvemion. Dispersior«A.B & C P r *P^ of size 1 x 

mat olass and various metal coupon*. 
3 , 0.025 inch (25 * < c00 led lo room lemperaiure. and 

All coatings were smooth and clear, loaim* 
Aiicodu e A cTMn3359 Each coating was 

scored (scratcnea; in * Adhesive tape was pressed 

separalion 2.5 mm, usin g . razor ^ „„ e 

, hen were ««- ^- *. — 

room temperature. Adhesive r p from ^ 

a „d me.a. coupons and resisied "re .don of bo,.,ng warer. 

F»«mplt2 

This example iUusua.es the adhesion of amorphous 
25 ™ copper coLss » pmymeHc suhsua.es. Poiymer s,n P s of 
" , 0.075 inch ,25 , 76 , > .9 mm) wem pre 

polymemyln^ryb.e.poiyc^^ 

„ b ber vulamizale.polychloroprene ^ , „ j , 0 01 inch 

30 ,25 x 76 x 0.25 mm) were cu, from J„ ,«,„„< in 

.erephlhaiaie. and P ;^;„.c Tfl clied .0 room lempemlure. and 
,„ masonic bam. dned a, 70 .C to ^ ^ 

rrr=--^--«---* , - ,rt 

» A " CM,inSS "le::n C rsuhsu,ewas,es,ed3cco^n E ,o 
ASTM D-3359. Eac'h coaunp was scored <scra,ehed) as ,n Example 7. 



25 



PCT/US96/01483 

WO 96/24«5 

Adhesive .ape was pressed against the scored coatings The tape was 
removed and the coatings were examined. No removal ofTFE/HFP 
copolvmer film from the strips occurred. The strips with scored coatings 
were placed in boiling water for 1 nr. then were removed from the water. 
5 dried at 70°C for 1 hr. and cooled to room temperature. Adhes.ve tape 
was again pressed against the scored coatings and then removed. No 
removal of polymer film from the strips occurred. Thus, the coatmgs were 
strongly adhered to the polymer strips and resisted the action of bo.l.ng 
water. 

10 Finmplc 8 

This example illustrates utility of the amorphous TFE/HFP 
copolvmer of this invention as a processing aid. The inside surface of a 
0 Ois'x 0.375 inch (0.4 x 9.5 mm. inside diameter x length) tungsten 
carbide capillary die having a 90' entrance angle was coated w,th 
1 5 dispersion C prepared in Example 6. The coating was dned at 220 C for 2 
hr A linear low density polyethylene resin having melt mdex of 1 g/10 
min (GRSN 7047, Union Carbide) and containing 2.5 wt% oi collo.dal 
silica to act as an abrasive was extruded through the coated cap.llary d,e. 
and through a control capillary die that had not been coated, us.ng an 
20 instron Capillary Rheometer at a temperature of 220*C and at a shear rate 
of 833 sec-« . When the polyethylene was extruded through the control 
capillars the shear stress required was 4.5 x I0» Pa and the suriace of the 
extrudale was rough and distorted due to melt fracture. When the 
polvethvlene was extruded through the coated capillary under the same 
conditions, the shear stress required dropped to 2.5 x ,0* * 
start up and the surface of the extrudate was smooth and ^.stoned. The 
shear stress slowly rose, over a period of about one hour, to 4.5 x 103 Pa 
as the copolymer coating was slowly worn away. When the shear stress 
reached a level greater than 3 x 10* Pa. the surface of the extrudate agam 
became rough. This shows that the amorphous TFE/HFP copolymer 
coating acted as an extrusion aid that significantly reduced shear stress 
and eliminated surface roughness. Addition of a low concentrate of the 
copolvmer resin to the polyethylene resin would have perm.tted susta.ned 
extrusion without melt fracture at reduced shear stress. 

Example 9 

The reactor of Example I was charged with 48.0 pans of 
demoralized water. The reactor was heated to 65°C. evacuated, purged 
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with TFE. and then evacuated again. The vacuum in the reactor was then 
used to draw in 0.079 part of chloroform and a solution of 0.22 part of 
perfluorohexyl ethane sulfonic acid surfactant in water ( 1 .7 parts). The 
solution was rinsed into the reactor with another 0.88 part of water. Thus, 
5 the surfactant concentration was approximately 0.010 mol/L, i.e., above 
the critical micelle concentration (about 0.003 mol/L). The reactor was 
then sealed, agitation was begun at 42 rpm. and the reactor temperature 
was raised to 103°C. After the temperature had become steady at 103°C. 
HFP was added slowly to the reactor until the pressure was 350 ps.g 
10 (2 5 MPa). The pressure in the reactor was then increased to 600 psig 
(4.2 MPa) by the addition of TFE. and then 0.43 part of P erfluoro( ethyl 
vinyl ether) (PEVE) was pumped into the reactor at a rate of 
0 165 part/min. Then 1.10 parts of a freshly prepared aqueous initiator 
solution containing 0.4 wt% of APS were pumped into the reactor at 
15 0 11 part/min. Thereafter, the same initiator solution was pumped into the 
reactor at 0.0066 part/min for the remainder of the polymerization. After 
polymerization had begun as indicated by a 10 psig (0.07 MPa) drop m 
reactor pressure, additional TFE was added to the reactor to maintain 
pressure constant at 600 psig. The agitator speed was used to control TFE 
20 mass transfer into the aqueous phase so that the TFE addition rate was 
about 0.1 part/min. The average ag.tator speed required to maintain , the 
target TFE transfer rate was 33.6 rpm. When a total of 18.0 parts of TFE 
had been added to the reactor after kickoff ( 1 80 min). the TFE feed was 
stopped. When the reactor contents had cooled to 90°C. initiator pumping 
, 5 and agitation were stopped and the reactor was vented. After venting to 
nearly atmospheric pressure, the reactor was purged with nitrogen to 
remove residual monomer. The dispersion was then discharged from the 
reactor and saved. Solids content was 3 1 .5 wt% and RDPS was 0.094 pm. 
A portion of the dispersion was poured into a plastic bottle which was 
30 then placed in a freezer at -20'C overnight. The bottle of dispersion was 
then thawed out in a bucket of warm water and the polymer phase which 
separated was collected on a filter. The filtrate liquid was found to 
contain only 0.09% solids. The polymer was washed on the fine. -three 
times with a volume of demineralized water equivalent to 75 A of the 
35 original dispersion portion volume and then was washed three times with 
similar amounts of isopropyl alcohol. Much of each wash liquid was 
removed by application of a vacuum to the bonom of the filter. The 
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», 150°C. The dried 
, ■ ^ circulating air oven ai » an 

, 4 ^/.cfPEVE. q.*,,**!--^ 
wsftcum «°" cen ,„,,.„ (aboul 0.015 moW-V ™ 

.o oriw^^r:Usc.wE-*-- 3 ij i „ 

speed tequneo to •»» po iym«nzauon me two 

„,«„« eonee»««"00. So ^ ^ „ M v of l. 

RDPS «. 01" -"" ^ „aa.of to"" of 34.4 8 . 
HFPl°f" 4 - 8T » 

U «* o"EVE ^ , ^ c5 «„„a,.y 

The po'yo-^^T^Uzeo — «• „ ran . 

sut f,cun. """■""T-to. «>°°"< « •«» m °" U „ ed 30 3 «<% solids 

B*««-»-?.^'' Aponionof.heo^-0" 9 ^ 
a„ d had RDPS of 0^39 ^ ^adore ofE»P 

«s«n.ially .0 *e «W« * on , y 0 .14% sol.ds. T ^ of 

pamaUy-crysw Wjnen zaiion raw. 

tacM po«uon ' asma ^^ aseBm y ,epea.ed 

a^uoeamodniOtSdrflo 
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pumping rate was 0.018 part/min after the first 12 min of pumping at 
0.055 part/min. Thus, the surfactant concentration was approximately 
0.0026 mol/L. i.e.. slightly below the critical micelle concentration. The 
reaction time after kickoff was 1 1 1 min. The resultant dispersion 
5 contained 30.7 wt% solids and had RDPS of 0. 142 urn. The dried TFE 
copolymer resin had an MV of 1 .6 x 10* Pa s. an HFP1 of 3.54. and a T m 
of 257°C with heat of fusion of 24.9 J/g. 

Example 11 

The reactor used in Example 2 was charged with 4.85 paruof 
10 demoralized water. 0.012 pam of Surflon® Sill (0.0051 mol/L). and 
0.0066 part of concentrated ammonium hydroxide. After pressure-testing 
the reactor at 80°C with 300 psig (2.2 MPa) nitrogen, the reactor was 
cooled to 30°C and it was then alternately evacuated and purged with 
TFE three times. The reactor was then left under a vacuum. Ethane was 
1 5 then fed to the reactor until the pressure rose by 1 0 Pa. The reactor was 
then sealed, agitation was begun at 1 10 rpm. and the reactor temperature 
was raised to 80°C. The reactor was pressured to 300 psig with TFE and 
then 0.074 part of PPVE) was pumped into the reactor. Five minutes after 
completion of PPVE addition. 0.66 part of an aqueous solution of 
20 0 25 wt% percent APS was pumped into the reactor at 0.066 part/min. 
Thereafter, an aqueous solution of 0.10 wt% APS was pumped to the 
reactor at 0.0022 part/min for the remainder of the polymerization. After 
polvmerization had begun. PPVE was added to the reactor at a rate of 
0.00047 part/min for the remainder of the polymerization. The reactor 
25 pressure was maintained at 300 psig by the addition of TFE and the 
agitator speed was varied to control the reaction rate so that the TFE 
addition rate was 0.014 part/min. After 1.96 parts of TFE had been added 
after the initial pressureup. the TFE. PPVE. and initiator feeds were 
stopped and full cooling was applied to the reactor. The ag.tator was 
30 turned off and the reactor was vented. When the pressure had dropped to 
1-2 psig (0.1 1-0.12 MPa), nitrogen was added to the reactor to gjve a 
slow pressure rise. When the pressure reached 5 psig (0.14 MPa). the 
vacuum was applied for one minute while maintaining the nitrogen purge. 
The dispersion was then discharged from the reactor and saved. Solids 
35 content was 26.6 wt% and RDPS was 0.1 14 urn. The average agitator 
speed during polymerization was 99.2 rpm. A portion of the dispers.on 
was subjected essentially to the freeze-thaw isolation procedure of 
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Example 9 except that the alcohol wash was omitted. The filtrate liquid 
was found to contain only 0.03% solids which consisted of polymer, 
residual surfactant and initiator salts. The dried partially-crystalline TFE 
copolymer resin had an MV of 1.4 x lO'Pa-s, aT m of 308"C with heat of 
5 fusion of 45.2 J/g, and contained 4.03 wt% PPVE. These results show 
that the polymerization process of this invention, utilizing a surfactant 
concentration above the critical micelle concentration, yields a partially- 
crystalline non-elastomeric polymer having higher PPVE incorporation. 
See Comparative Example E. 
10 QTmpa rativl> Emnpte E 

The procedure of Example 1 1 was essentially repeated 
except that the amount of Surflon® SI 1 1 was only 0.0049 part, 
correspond** toaconcenlrationofO.0021 mol/L. The average agitator 
speed was 101.9 rpm. The resulting dispersion contained 26.8 wt/o solids 
15 and had RDPS of 0.140 M m. The dried TFE copolymer resin had an MV 
of 1 .6 x 102 Pa . s . a T m of 309°C with heat of fusion of 40.7 J/g. and 
contained 3.47 wt% PPVE. 
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CLA1M f : A uniform amorphous «H>«- comprising a*-*-* 
um.of !.ulo,o..hy.an. ^ne—opyi— 8 up,o29 

of s.,0 haxnnuoropropyrena unto are prcscn. in dUds and mnds 
'""""I 1 ' ^ amorphous copolyma, of Cairn ..said copoiymar having 

,„ ?lK s virion ramparamm °' " —in HFP aonran, is 

4. The amorphous copolymer oi ciaim 

in a range of from 20 to 29 mo.%^ ^ 

^ins^ymarL unira of o, iaas, 

20 comonomer to cause said copolymer to be amorphou , 

7. The amorphous copolymer of Claim 3. wherein g 
transition temperature is at least about 25 e C 

8 The amorphous copolymer of Cla.m 8, where, n sa g 
transition temperature is at least about 3JC ^ 
25 9. The amorphous copolymer ot Claim 

comonomer is fluorovinylether. 

10 The amorphous copolymer of Chum 10. where n 
fluorov ylether is selected from P^r^ ^ ^ 
perfluorjethyl vinyl ether), and P"*"^ 
30 11 • An aqueous dispersion of the amorphous copo.. 

° f 12. A solution of the amorphous copolymer of Claim 1 in a highly 
floated solvent. letrafluoroc thylene polymer resin from 

35 a.eous^i^ 

first freezing said dispersion to form frozen oisp 



31 



WO 96/24625 



PCT/US96/01483 



frozen dispersion to form thawed frozen dispersion, and then separating 
said resin from liquid of said thawed frozen dispersion. 

14 The process of Claim 13. wherein said liquid is removed from 
said polymer resin immediately after said frozen dispersion becomes said 
5 thawed frozen dispersion. 

15. The process of Claim 13, wherein said liquid is removed 
simultaneously with said thawing and with washing of said resin. 

16 The process of Claim 13, wherein said freezing is done by 
rotating a chilled roll in said dispersion to form a layer of said frozen 
10 dispersion on the surface of said roll, and wherein said layer is scraped 
from said surface of said roll before said surface re-enters said d.spers.on. 

17. A coated article, comprising a substrate coated with a coating, 
wherein said coatine comprises uniform, amorphous copolymer of 
tetrafluoroethylene and hexafluoropropylene containing up to 29 mol% of 

15 hexafluoropropylene. 

18. The coated article of Claim 17. wherein said substrate is metal 

and said article is a wire. 

19. The coated article of Claim 17. wherein said article is a mold 



20 



for rubber or plastic parts. 

20. The coated article of Claim 17. wherein said article is an 



optical element. 

21 The coated article of Claim 17, wherein said article is a 
semiconductor, a semiconductor device, or semiconductor assembly. 
22. The coated article of Claim 17. wherein said article is an 
25 electronic device or electronic assembly. 

23 A process comprising batch polymerizing at least two 
fluoromonomers in an aqueous medium containing surfactant to produce 
an aqueous dispersion of melt-fabncable partially-crystalline 
fluoropolymer containing units derived from said fluoromonomers. said 

30 surfactant being present in a concentration that is at least 1 .2 times the 
critical micelle concentration of said surfactant. 

24 The process of Claim 23. wherein said fluoropolymer is a 
copolymer of tetrafluoroethylene with at least one comonomer selected 
from the group consisting of fluoroolef.n having from 3 to 8 carbon 

35 atoms, fluorovinylether. and functional fluorovinylether. 

^5 The process of Claim 23 and in addition isolating said 
fluoropolvmer resin from said aqueous dispersion by a process comprising 
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first freezing said dispersion to form frozen dispersion, then thawing sai 
frozen dispersion to form thawed frozen dispersion, and then separating 
said resin from liquid of said thawed frozen dispersion. 
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